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There have been investigations of the submicroscopic morphology of infectious papillomas of the skin of man3 and rabbits12 and of the oral mucosa of dogs6 and rabbitsg. There is, however, no description of the submicroscopic structure of the bovine cutaneous papilloma.
The viral etiology of the bovine cutaneous papilloma has been well established8 and the stages of development of the bovine papilloma have been studied by light microscopy7. Specific bovine papilloma antigen has been observed in nuclei of the keratohyaline and lteratinized layers of bovine papillomas using fluorescein labeled antipapilloma serumlo, 11. No fluorescence was seen in the basal portion of the epidermis or in connective tissue of the dermis. The bovine papilloma virus has been observed with the electron microscope in homogenized bovine papillomasz.
Electron microscopy of infectious cutaneous papillomas of man3 and rabbits12 and of oral papillomas of dogs6 and rabbits9 have revealed cellular alterations associated with production of virus. In these papillomas, virus was first observed in association with the nucleoli of cells of the stratum spinosum. Virus particles subsequently spread throughout the degenerating nucleus of cells of the stratum granulosum, and in the stratum corneum, virus particles were embedded in the remains of keratinized cells.
In the following study, experimentally induced and naturally occurring bovine papillomas were examined to investigate their submicroscopic morphology.
Materials and Methods
'I'wo isolates of bovinc papilloma agent werc uscd; both had originatcd from ficld cascs of bovinc papillomatosis and were linown t o be infective. These materials had becn stored in 50% glyccrinc in saline at 4°C. \Vart tissuc from each isolate was wcighed and ground in a mortar with sufficient salinc to make a 10% suspension of tissuc. This was stored for 1 hour at 4" C and the supernatant used as the inoculum.
Each inoculum was injccted intradermally into thc neck of 3 calves approximately 6 wcclcs old. Multiple inoculations were made on all calves and each intradermal injection was of approximately .1 ml of tissue suspension.
Papillomas growing at the inoculation sites wcrc examined in various stages o f development. Biopsies of one papilloma were performed 30 and 76 days after inoculation. In anothcr calf, biopsy of a papilloma was done 112 days after inoculation. 'Thrcc naturally occurring bovine cutaneous papillomas were studied. One papilloma had been prcscnt o n the udder of a cow for approximately 6 months. One papilloma had been observed o n a heifer for 3 months and one had been o n a hcifcr for approximately 9 months. In the latter 2 animals numerous cutaneous papillomas were prcscnt o n the head, neck and shoulders.
All spccimcns for electron microscopy \vcrc fixed in 1 yo buffered osmium tetroxide for 2 hours. Specimens from expcrimcntally produced papillomas wcre dchydrated in cthanol and embedded in a mixture of S5c21 butyl mcthacrylate and 15 yo methylmethacrylate. Spccimens from naturally occurring papillomas were dehydrated in acctonc and embeddcd in Vcstopal W.* Scctions were cut with glass knives o n a Porter-Blum ultramicrotome and were examined using an RCA EhlU-3F clcctron microscope. Portions of each papilloma which were prcpared for clcctron microscopy werc also fixed in 10% formalin, and sections of the tissue were staincd with hcmatoxylin and eosin for examination with the light micruscopc. 'With the exception of the experimcntally induccd papilloma of 30 days' duration, portions of each papilloma examincd wcre preserved in S O X glycerine in saline and stored at 4°C. Tcn pcr ccnt suspensions of thcse tissues w-erc prepared in physiological saline and were inoculated intradermally into calves to test for the presence of infective virus.
Light Microscopy
Hyperlieratosis was not present in the 30-day-old papilloma, although the priclile cell layer was thicker than that of normal skin. Intercellular bridges were prominent in areas of acanthosis, and tonofibrils were present within priclile cells. The largest portion of this growth was composed of young fibroblasts which had proliferated * I\IIAi<.rm J A E G E R , Geneva, Switzerland. in the dermis at the base of the lesion. Vacuoles appeared to be in the cytoplasm of many of the fibroblasts and nuclear chromatin was marginated. The dermis of all other experimentally produced and naturally occurring papillomas was composed of fibromatous tissue similar to that observed 30 days post inoculation. Collagen formation, however, was most prominent in papillomas 76 days old or older.
The epidermis of experimentally produced papillomas more than 30 days old and of the naturally occurring papillomas was acanthotic and hyperlreratotic. In the prickle cell layer of these papillomas, single cells or groups of cells were present which had vacuolated cytoplasm. Single vacuolated cells were more numerous near the basal layer of epidermal cells and groups of vacuolated cells were more numerous in the mid-prickle cell area ( Figs. 1, 2 ). The cytoplasm of these cells contained no eosinophilic tonofibrils as did the unaffected prickle cells. In the lteratohyaline layer, there was ballooning of both the cytoplasm and nucleus of epidermal cells (Fig. 2) . The nucleus often appeared as a ring of marginated chromatin. A few strands of eosinophilic material were usually all that remained in the cytoplasmic space. Normal appearing lieratinizing cells containing numerous lteratohyaline granules often were adjacent to ballooned cells. The majority of the cells in the lreratinized layer were without nuclei, although keratinized cells were observed which had compact basophilic nuclei.
Electron Microscopy
The fibroblasts in the dermis of the 30-day-old papilloma were irregular in shape with projections of cytoplasm often extending from the cells. In the majority of the cells nuclear chromatin was partially marginated and nucleoli were prominent. Mitochondria were numerous in the fibroblasts, and collagen fibrils were present in the intercellular space (Fig. 3 ). Smooth-walled vesicles were observed projecting into the plasma membrane. These probably were cross sections of invaginating villi from adjacent cells. The liaryoplasm of prickle cells of the 30-day-old papilloma was finely granular and uniformly dispersed throughout the nucleus. Tonofibrillar material was present in these cells. An occasional cell of the prickle cell layer of the naturally occurring papillomas and papillomas 76 and 112 days old contained cytoplasmic vacuoles (Fig. 4) . The vacuoles were smooth-walled and often produced an indentation of the nucleus. Mitochondria and tonofilaments were present in these cells. The endoplasmic reticulum of the cells also appeared intact.
In the lieratohyaline layer of the naturally occurring papillomas and of experimental papillomas older than 30 days, groups of swollen cells with coarse nuclear chromatin were observed. The cytoplasm of some of these cells contained no tonofibrils or keratohyaline granules. In other cells degenerative changes of the cytoplasm were most pronounced in the area adjacent to the nucleus. The outer edge of the area of perinuclear degeneration was demarcated by a small amount of tonofibrillar material and keratohyaline granules which appeared to have been pushed aside (Fig. 5 ). Cells adjoining the swollen cells often had normal appearing nuclei and tonofibrils uniformly arranged in the cytoplasm.
The transition from the keratohyaline to keratinized layer was abrupt in the papillomas in which swollen degenerating cells were present. The plasma membranes of swollen cells in contact with the keratin layer were well defined, although nuclei and nuclear membranes were not always apparent ( Fig. 6 ). Between some of these cells were large open spaces lined by irregular borders. Organized tonofibrillar material was not present in the degenerating cytoplasm.
In tlie lieratinized layer of papillomas of 76 and 112 days' duration and in the naturally occurring papillomas, plasma membranes and desmosomes were visible, although nuclear membranes were not apparent. Osmiophilic particles suggestive of virus were observed in the lieratinized layers of papillomas from the 2 heifers in which numerous warts were present on the head, neck and shoulders. The virus-like particles appeared to be confined within plasma membranes and were found in pools or entrapped by bands of keratin (Fig. 7) .
The average diameter of the particles was 40 mp.
Suspensions of preserved papillomas of 76 and 112 days' duration and of the 3 naturally occurring papillomas produced other papillomas when inoculated intradermally into calves. Inocula prepared from the 2 naturally occurring papillomas in which virus-like particles were observed produced larger growths in a shorter period of time than did inocula prepared from other materials.
Discussion
The most prominent portion of the bovine papilloma of 30 days' duration was the base of the lesion which was composed of relatively immature fibroblasts. The bovine papilloma virus is responsible for this tibromatous reaction7, although cellular degeneration or evidence of virus infection was not apparent in this part of the papilloma. Intact mitochondria and cytoplasmic membranes in the fibroblasts indicated the cells were metabolically active. Evidence of degenerative change or virus infection, likewise, was not observed in epidermal cells of the 30-day-old papilloma. Both light and electron microscopy revealed cells with vacuolated cytoplasm in the prickle cell and keratohya1in.e layers of all papillomas other than the 30-day-old growth. Single vacuolated cells in the lower prickle cell layer contained cell organelles, whereas groups of vacuolated cells in the lieratohyaline layer were markedly degenerated. Cytoplasmic vacuolation of cells in the lower prickle cell area may represent the earliest stage of cell alteration in response to infection with papilloma virus. Fluorescent antibody studies, however, have shown that mature bovine papilloma antigen is not present in these cells103 11. The presence of larger groups of vacuolated cells in the mid-prickle cell and keratohyaline layer suggests that the cellular alteration may be progressive, i.e., 'spreading' from cell to cell, or that recognizable cellular changes were delayed in some infected cells. Electron micrographs of groups of vacuolated cells show the plasma membranes intact and, therefore, progressive degenerative changes continuing from cell to cell would seem unlikely. If cell vacuolation is caused by immature papilloma virus, the quantity of virus may be a factor in producing cell alterations. As the cell progresses toward the skin surface an amount of virus may accumulate which is capable of causing cell damage. Cell vacuolation was most pronounced in the keratohyaline layer and appeared to be the result of both an increase in the size and in number of degenerating cells moving into the area. In electron micrographs of the keratohyaline layer some cells appeared as balIooned empty vesicles void of cytoplasmic structure or recognizable nuclear remnants. The degenerative changes present in the swollen papilloma cells did not resemble cellular changes reported in the lieratinization of normal human sliins.
In an occasional cell of the lieratohyaline layer, cytoplasmic degeneration was prominent in a zone about the nucleus. The presence of lieratohyaline granules and tonotibrils in the peripherial portions of these cells suggests that cells with formed tonotibrillar material may undergo degeneration and not contribute to the formation of keratin. This type of degeneration may not be caused by the papilloma virus for CHEVILLE and O L S O N~ have observed in the canine oral papilloma that swollen virus producing cells did not contain tonofilaments and keratohyaline granules.
Cellular alterations observed in bovine papillomas may, however, differ from those observed in other infectious papillomas. Feulgen positive intranuclear inclusions are not present in bovine papillomas7, although they are present in the human wartl. Cytoplasmic vacuolation in epidermal cells of the bovine papilloma also appears more extensive than in the epidermis of human warts. Virus-like particles observed in keratinizing cells of bovine papillomas were not closely confined within nuclear membranes as they are in the human papillomas but were within the confines of the plasma membrane. CHARLES was of the opinion that the Shope papilloma was also unlike the human papilloma in that virus was not tenaciously retained by nuclear membranes of degenerating cells4. Thus, the bovine papilloma virus may propagate within nuclei but because of degenerative changes in cells of the upper epidermis is released into the cytoplasm.
Failure to observe virus in the nucleus of cells of the keratohyaline and keratinized layers of the bovine papilloma is not in agreement with the fluorescent antibody studies of this growthlo* 11. The papillomas in which virus-like particles were observed in the keratinized layer may have been in a later stage of infection than those in which fluorescent antibody studies were made and at this time nuclear membranes had disintegrated.
Although all papillomas which were tested for infectivity were infective, particles suggestive of virus were observed in only 2 naturally occurring papillomas. Thus, papillomas containing infective virus, but in which virus was not observed, either contained fewer infected cells or mature virus was not present in quantities to permit detection. The 2 naturally occurring papillomas in which virus-like particles were observed were from cattle which had numerous papillomas. Their apparent lack of resistance to the papilloma virus may have been responsible for the development of a relatively large number of mature virus particles.
The size of the virus-like particles observed in the 2 bovine cutaneous papillomas is in the same range as that of the Shope papilloma virus and the human wart virus. Measurement of the Shope papilloma virus in tissue section has been reported as 33 mplzand the maximum diameter of virus in human warts has been described as 38 mp3. The diameter of the bovine papilloma virus in tissue homogenates has been reported as 47.5 mp2.
Szmzmary
Experimentally produced bovine cutaneous papillomas of 30, 76 and 112 days' duration as well as 3 naturally occurring bovine cutaneous papillomas were examined by light and electron microscopy. Degenerative changes were not observed in the fibromatous base of the 30-day-old papilloma. An alteration in all papillomas older than 30 days was cytoplasmic vacuolation in cells of the prickle cell and keratohyaline layers. As cells progressed upward their degeneration became more prominent. In the keratinized layers of 2 papillomas virus-like particles were observed within plasma membranes of keratinized cells. 
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